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Abstract 
This study was aim to examine the cognitive progress of graphic design involved in concept 
development. The results show that: (1) Cognitive progress can be observed from the design 
thinking and drawing patterns that emerge in designing works. The thinking activity was 
distinguished into general, experiential and evaluating thoughts, whereas drawing activity was 
categorized into graphic drawing and word description. (2) On the whole, more time was spent 
on general thought, less on experiential thought, and the least on evaluating thought. (3) There 
were three stages of concept development. General thought occurs more frequent in the initial 
stage while picture sketch takes place more frequent in the middle and final stages. In the other 
words, the process of the concept development was filled up via the concepts formed at first 
stage and translated into idea sketches at the next two stages. 
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 Introduction 
Cheng (1993)divided “thinking” into two categories: (1)autistic thinking; (2)directed thinking. 
In terms of professional design, the sketch is critical during the process of design construction. 
According papers in Design Studies, we realize that the sketch construction is the important 
stage of initial design creativity. The papers study the interaction between the designers’ 
thoughts and the sketches with regard to functions or meanings and reconstruct the significance 
of the sketches at the initial stage of design. The designers tend to have thoughts and image 
presentation by the sketches. It is the process of the designers’ self-reflection and interaction 
between the designers and the images. How do the designers manage the exchange between the 
drawings and thoughts? It is the study motives of this research. We expect that the research 
finding can function as the criterion for the designers’ idea construction or the teaching 
guideline for the related design courses. 
 
Literature Review 
Concept Development and Sketch 
• Goldschmidt(1991)indicated that during the process of creating the sketches, the 
designers reinterpreted and looked for the relation or characteristics of the pictures 
through “see as” and “see that” to trigger imagery. 
• Goel(1995)indicated that the sketches revealed varied characteristics: speedy, 
convenient, density, ambiguous, abstract and imprecision. 
• Suwa, Gero et al. (2000) indicated that unexpected discovery resulted in new issues or 
goal invention which also, on the other hand, triggered the unexpected discovery. 
 
Design thinking and Cognition 
• Mckim (2002)suggested that visual thinking included three kinds of visual imagery: See; 
Imagine; Draw. 
• Akin(1984) suggested that design was a kind of special mental activity. During the 
process of design, there were many ambiguous behaviours without certain determination 
standard on design problems. 
 
Protocol analysis and Coding 
• Simon(1993)divided verbal analysis into two categories: (1) verbalization report; (2) 
retrospective report. 
• Schon and Wiggins(1992)proposed “seeing-moving-seeing” model and suggested that 
design thinking was “the response in moving”. 
• Akin (1995) proposed activity based model which was based on design. Initially, it was 
divided into drawing, writing, thinking, examining, listening and speaking.  
 
Research Methods 
Expert forum 
Through coding system literature and expert forum, this research constructs the coding system. 
The experts and scholars include 3 professional design teachers and 2 design thinking 
researchers. We treat thinking coding system of design ideas as thinking and drawing and divide 
thinking into general, experiential and evaluating and drawing includes graphic and word 
description. 
 
Protocol Experiment 
As to the topics, this research treats peace as the topic of poster creation. We treat five students 
with over three-year visual design education and recommended by the teachers. We asked the 
participants to “thinking aloud” during the whole process in formal experiment and recorded the 
whole design process by video camera. Procedures include: warm up（before the verbal 
experiment, we allowed the participants to warm up their verbal expression so that they would 
be familiar with talking while drawing）, formal experiment/record of the process（thinking 
aloud）, translation（original verbal data to translate）, coding and analysis. Upon the 
experimenter’s observation and record, we then conducted coding analysis. 
 
Discussion 
Upon two times of sentence separation and final coding data, we find the total number of 
sentence separation of five participants’ verbal data is shown in Table 1: 
 
Table 1: Total number of sentence separation and coding percentage 
Coding system 
A B C 
Drawing Thinking Drawing Thinking Drawing Thinking 
Subject 
 
 
Stage 
Dg Dw Gt Ht Et Dg Dw Gt Ht Et Dg Dw Gt Ht Et 
First 7 4 7 7 1 10 4 6 2 2 6 0 10 9 1 
Middle 8 6 4 4 5 7 2 7 5 3 9 5 7 3 2 
later 12 1 5 1 8 7 5 7 3 4 14 2 5 1 3 
Subtotal 27 
33.7 
11 
13.7 
16 
20.0 
12 
15.0 
14 
17.6 
24 
32.4 
11 
14.9 
20 
27.0 
10 
13.5 
9 
12.2 
29 
37.7 
7 
09.0 
22 
28.6 
13 
16.9 
6 
07.8
Total 38 47.4% 
42 
52.6% 
35 
47.3% 
39 
52.7% 
36 
46.7% 
41 
53.3% 
Total of 
sentence 
separation 
80 74 77 
 
 
 
  
 
Coding system 
D E  
Drawing Thinking Drawing Thinking  
Subject 
 
 
Stage 
Dg Dw Gt Ht Et Dg Dw Gt Ht Et      
First 6 4 10 4 2 5 4 11 2 1      
Middle 7 8 7 2 2 8 5 5 1 4      
later 6 6 8 2 3 7 4 8 1 4      
Subtotal 19 24.7 
18 
23.4 
25 
32.5 
8 
10.4 
7 
09.0 
20 
28.6 
13 
18.6 
24 
34.3 
4 
05.7 
9 
12.8 
     
Total 37 48.1% 
40 
51.9% 
33 
47.2% 
37 
52.8% 
  
Total of 
sentence 
separation 
77 70  
 
The frequency distribution and percentage of thinking and drawing during the whole process 
(Figure 1).Five participants consider the design ideas by seeing or thinking and then draw the 
images related to their thinking or writing to construct the cycle of the interaction between 
thinking and drawing (Figure 2). 
 
 
 
 
 
 
 
 
 
 
They focus on general thinking and the description is based on their own thoughts (self-oriented) 
and experience thinking of the past experience or memory. Finally, they are based on graphic 
drawing to fulfill the drawing during the process. The frequency and percentage of the images 
and writing are below (Figure 3). The frequency distribution and percentage are below (Figure4). 
 
 
 
 
 
 
 
 
Figure 1 Proportion of five participants’ thinking 
and drawing 
 
  Figure 3 Percentage of images and writing of five 
participants in drawing 
 
 Figure 4 Percentage of general, experience and  
examination thinking of five participants 
Figure 2 Cycle of interaction between thinking 
and drawing
 
動作（Moving） 
 
繪圖（Drawing） 
看（Seeing） 
 
思考（Thinking）
 
We thus further analyze the coding of initial stage, middle stage and later stage during the whole 
design construction process to find the interaction of the sub-items of thinking and drawing of 
five participants: 
• Initial stage: Five participants tend to have general thinking (Gt), such as C, D and E; the 
second is image drawing (Dg); such as A and B; examination thinking is rare. 
• Middle stage: They tend to have image drawing (Dg), such as the participants A, B, C 
and E; the following are general thinking (Gt), such as B and C; and writing (Dw), such 
as A and E. 
• Later stage: They tend to target on image drawing (Dg), such as A, B and C; the second 
is general thinking (Gt) , such as D and E. 
 
Based on above analytical result, the similarity and difference of all thinking and drawing 
activities are below: during the process, five participants tend to think first and then draw to 
create their ideas. With regard to the common points, five participants tend to focus on general 
thinking and the recall of the past experience or memory and the examination and discussion 
related to design issues and requirements. As to the difference, besides general thinking, B, C 
and D have experience thinking and examination thinking for the examination and discussion of 
related requirements. A, and E were examination thinking and experience thinking. As to 
drawing, they tend to have image drawing with writing to accomplish with the related activities. 
 
Conclusion 
• This research proposes the coding system of thinking and drawing, and divides thinking 
activity into general, experience and evaluating thinking. Drawing includes graphic 
drawing and word description to analyze design construction process. 
• They tend to have general thinking and the following are experience and evaluation. We 
realize that the designers first have their personal ideas to fulfill the design construction. 
As to drawing, they draw the graphic to record the idea of general thinking. 
• In the initial stage, the designers significantly have general thinking as their principal 
design and they rarely think of the related design issues or design limitation. In the 
middle and later stage, they tend to have graphic drawing. It is the sketch of the visible 
images upon the intangible images in the initial stage to fulfill overall idea construction. 
• This research suggests that design construction process is the close and circular 
relationship between thinking and drawing through the designers’ continuous self-
reflection and expression. Thus, in the related issue of design cognition study, we can 
further explore the designers’ content and meaning in thinking and image classification 
and writing meaning in drawing. 
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